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ABSTRACT

During the period eovered by thiz report, work was continued en
developing an YX transsitter, Tests were msde on Fl Radio
Receiver R-2a/ARR-§ and Radio Transmitter T-1B/CRT-1 to determine
their perforsance characterisiics, and compare the results with
the transmittar system unler development.

Necessary field squipment was constructed and an antenna was erscted
in preparation for field testing of the completed AN transmitter,
A duplicate model of the AN transaitter was constructed and btuilt
into & container with a dattery pack and simulsted signal eircuit.

a, PEUSONNZEL ARD ADMINISTRATION
No ohange

b, COMIUNICATIONS

None

¢, OGENBRAL WORK UMDERTAXEX DURIEG TEIS PERIOL

It was called to our sttention by the Watson Laborsteries,
Oakhurst Field Station, that the FX rasdio transmitter T 1-B/CRT,
which is & unit ef Sonobuoy equipment AN/CRT-1, might have
appiication in this project. Five of thess tranmmitters were
purchssed froa s surplus redio supply bouse. These units were
tested for frequencsy stadility under conditions of variation in
plate and filament woltages. Deviation measursments were made

at several walues of plete wvoltags, These tests indicated that
this transmitter would probably be unsatisfectory without a systea
of sutomatic frequency ocontrol. 7The receiver used with transaitter,
B-2a/ARE-5, has an a.f.c. elircult incorporated. A receiver of
this type was borroved from the Oakihurst Field Station. Tests
were conducted to determine the overall frequency drift which could
be tolerated in the trinzaitter bhefors returning became necessary.
It was observed that as gr-et as a ¥ 0.35 mc shift could be
tolerated st the transmitter, Further tests on the transmitter
showed that the irequency deviation varied with imput plate
voltage and that as the¢ battery depreciated, an error would dbe
introduced in any amplitude messurement. Yor a plate wvoltege
change from 135 to 90 wolts, s veriastion in detected emplitude

of over 201 was observed,

1.



J:
v deed

d.

Purther tests on the N trensmitter being devdoped at this
laboratory showed that the devistion was likewise s function
of the applied plate sup:ly voltege., This prodlea will have
to be solved by improved circuit design before & guitable MM
transmitter can be evelved.

In addition to the AM transaitter model alresdy oonstructed,

& second unit was built. This duplicate wes {nstalled in e
cardboard contziner which also houses the storsge battery
supply and s blocking oscillator to supply sn sudio-frequency
which modulates the carrier at 30 e.p.s. Plans and arrangemente
were made for testing this unit on a captive balloon,

APPLRATUS

A battery box conteining a metered eircuit for sonstant
monitoring of Sransmitter currents were oonstructed for field
or blinp transmission tests.

An sntenns approximately 160 ft. in length was srected on poles
twenty feet above the roof of the Flectrical Engineering Building
for use in receiving signals curing test flights.

FUTURE WORK

In view of the excellent charscteristics of the sutomatic
frequency oontrol of the Radio Receiver R-2a/ARR-3, an etteapt
vill be made to secure the eircult disgram of this equirment
and employ ft3 use in any MM receiver which might be used,

Further eircult investigztion will be carrisd out to develoep
an M transmitter which 4s free of the undesirsble effects
introduced by input voltage varistions.

Field tests will be carried out on the AN transaitter using

& tethered balloon and & blimp, 1if available., It is desired

to obtain informetion ebout the operating renge end difficulties
which aight develop with this transmitter.

RISV PR VIV,
hlip Creenstein
Project Director
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radar station was not troubled by this phenomenon due to its an-
tenna directivity and elevation orientation of 60 degrees., It 1s
believed that the intermediate loss of signal by the radar statlon
is normal because of elevation pattern lobing produced by ground-
reflection interference which is initiated by secondary antenna
lobe transmission. Since this condition exists in the transmit-
ting pattern, it affects both the radar station and its remote re-
ceiving station. Current effort is concentrated on improvement

of photography and antenna orientation in preparation for addition-
al tests.

b, Tracking Projects:

(1) Radar Tracking Set AN/MPS-6 = A letter was received from Watson
Laboratories authorizing changes and modifications of the range
circuits necessary for conditions as encountered at this location,
The fore part of July was spent in achieving these betterments,
and in the installation and orientation of an M=2 optical tracker
to be used in conjunction with the MPS-6 and as a tracking aid.

Experimental tracking of three balloons furnished and flown by the
Atmospheric Group was performed for the dual purpose of checking
the signal return of the radar with various reflecting targets,
and for precise position data of the balloon equipment for use by
the Atmosphepdic Group. On 19 July, a 130 foot balloon carrying no
redar reflector was tracked, Radar contact was made at a range of
about 3K yards with signal return being above saturatlon on the
scopes of the MPS=6, Tracking was automatic in Azimuth and Ele-~
vation and aided in range. Signal return remained above satura-
tion until a range of 7K yards was read, at which point grass ap-
peared on the scopes and signal to noise averaged about 4 tol

out to a range of 23K yards where too frequent radar losses neces-
sitated that automatic tracking be abandoned. This balloon was then
tracked manually to a maximum range of 27K yards.

On 20 July 1948, & weather balloon carrying one kite type reflector
was flown and tracked. Contact was made at a range of 3K yards,
and signal return was above saturation at all times until a range
of 10K was exceeded and grass showed only occasionally out to
24,360 yards. This balloon was obscured by clouds at a range of
33K yards, but tracking was continuous in automatic Azimuth and
Elevation throughout its flight, and the maximum range read was

34K yards,

On 21 July, a 130 foot balloon, identical with the one flown on
19 July except for three kite reflectors being carried, was flown
and tracked. Radar contact was made at a range of 1,510 yards,
Grass first appeared on scopes at a range of 24.5K yards, and sig-
nal was above saturation to 30K yards., Tracking was continuous
and automatic throughout the flight, and & maximum range of 121K
yards was reached.
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Permission to use the MPS-6 in tracking further V-2 missiles having
been received, plans were formulated for operation in conjunction
with the missile scheduled to be fired Thursday, 22 July and post-
poned until Monday, 26 July at 1100, Plans contemplated that the
crew on the M=2 Optical Tracker would track visually at all times
during the flight with their elevation and azimuth readings repeated
on the antenna., The MPS-6 antenna was initially positioned in azi-
muth on the calculated bearing to the launcher and raised slightly
above the horizon 1n elevation, with the correct range gated on the
scopes and with a velocity of about 300 MPH set in the aided range
motor and the motor initially stopped, It was further planned that
when target echo would bloom on the scopes, the echo should be

trued up in Azimuth, Elevation, and Range; and antenna control would
be thrown to automatic with range followed manually until speed of
the missile approximated the 300 MPH as set on the motors, at which
time the video motor would be activated and range tracking thrown

to "Aided." It was planned to throw antenna control to the M-2
Tracker only if target failed to show or if extended "loss" subse-
gquently occurred.

During the half-hour period prior to the take-off, several random
aircraft were noted in the vicinity of the launcher; and at X-5
minutes, one low flying aircraft was observed on the scopes at a
range beyond the launcher directly in line with it and flying in
towards the launcher.

Timing signals and the zero signal were received, and at about

X plus 2 seconds the target "bloomed" on the J Scopes at the cal-
culated range to the launcher (62,800 yards). This pip went almost
instantly to far beyond saturation, and all grass disappeared from
the scopes. The Azimuth and Elevation, and Range controls were cen-
tered on the target, and antenna control was thrown to automatic,
Range started to slowly increase as did elevation with azimuth being
statlonary, The echo remained beyond saturation for about two sec-
onds after automatic control was thrown in, at which time grass ap-
peared on the scopes and the signal fell rapidly to zero and the an-
tenna whirled off target at about X plus 6 seconds. Upon returning
antenna to position manually, a strong target appeared at a range

of about 2K yards outside the range gate, and believing this to be
the rocket, this pip was trued up and antenna locked in "Automatic"
and this target was tracked for a period of about 10 seconds or
until it was noted that range was decreasing and elevation was sta-
tionary at the horizon while the M-2 Elevation repeater showed the
optical tracker to be looking at approximately 50 degrees. Realize-
ing that the target being followed was the aircraft noticed before
take-off, antenna control was transferred to the optical tracker

and left in its control until the M-2 crew lost the missile. During
this time, no target was visible at any time and no further radar
contact was made with the missile. However, slightly before the
missile impact was heard, a cluster of small echoes were found at a
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FROJECT ABSTRACTS

Te TAVUTTRIAL SCIZNCiS LLEBOZ TORY
Chief: Dr. James A. Fecples, Jr.

1. Frojest title: Asoustie sounaing of the Atmcsphere

Frojecv scientists: Or. o, A, teoples, Jr., Dr. iorman
Haskell

Summsry cf In-Laboratory work:

ilhen large explosions iiave occurred, 1t fas been observed that the souna was
heard locally, say up to 25 miles, and also at distances of 100 o 200 miles, but
that nothing was teard 2t intermediate distances. This phenomenencan oniy be
explained by assuming that the sound is refracted into the atmosphere over the in-
termedizte observers and then is bent back down to the more distant areas. For this
to occur the velocity of propagation must first decrease with altitude and then
increase agein to a value at least as large as ground velocity. This is due to e
decrease of temrerature up to the tropopause followed by an increase in temperature
above that level. Winds also heve an appreciable affect which can be determined
from asymmetrical propagation.

Up to about 1946 most data on this phenocmenon had been obtained by taking
polls after accidental explosions had occurred. Zones of audibility were mapped out
and 3eneral conclusions then drawn. Very little systematic work was done in which
accurate travel ti es and other factors were obtaired. Beginning in 1946 &t these .
laboratories, a systematic study of these propa~ation anomalies were started. Sound -
ranging detectors were set up in arrays, so th:t the iirection and tise of arrival
of compressional waves could be determined. Bxplosions wers set off on or near the g
jround at ranges varying fro.. 25 to 200 miles. Data hes been taken whith hss resulted
in the indirect determination of the tewpsrature (sound velocity) stfucture of the
atiosphere up to the stratespheric level. sastowest propagation was First stadigd
PIL.thé Néw Jérséy, cogy!, . Thése,Laskd éhaw;theié;ié‘little,éi‘nB.rggﬁla:'diu;na13,
¥grtetidn, "ahd thit sohe gfinudl ‘vartatfor' in’the températufe’ structure exists.,. ‘Righ
ievel winds ar: shown to be generally easterly. Additionzl tests have been made in
New Mexico to determine the diurnal and annual variations of the tewperature structure
at thzt latitude. Some accurste observations' of wind velocity are indicated by -
dbservations taken along a north-south line as well &s an east-west line. Wwinter

servations h:ve been taken ih the vicinity of Fairbanks, Alaska for infor.:t on at
@grﬁ;higﬁ latitpdé§4f Observationd have been taken near the Panama Canal Zcne for
xdditional information in fhLe €rdffcs/

The sounds produced By rociets iaunched at Alanogordo have been recorded with
acoustis detector arrays located on the ground nezr the rocket trajectory. From data

gathered in this mznner, some indic:tione of apper air tewpersture and winds Lave uveen
obtained and much more accurate ddterminctions could bs made if the rockct trajectories

were more accuratelyv known.
-



Additionel details of the g mospi.eric temperature and wind structure c¢an

be obtained by placing microphones near the tropopause where the velocity of sounc
is at a minimum. To our .knowledge, no one has ever tried such an experiment, znd
in crder to do this new equipment had to be developed, since wind produces strong
noise in any microphone it was obvious thst the detlectors could not be used on an
aircraft, It was further belicved that the noise levei of an instrument placed on

a constant level balloon would be far below that generally observed on ground
equipment. Both & satisfactory constant level bzlloon :nd a light weight .aicrophone
and telemetering systew hLfs been developed in this laboratory.

Basic acoustic propacetion informeation is ncw beins accumuleted from
equipments launched at Zglin fieid Florica. The sound for these experiments 1is
obtzined from high altitude {2C,L00 to 25,ulU feet; zome bursts. Sufficient data
have not r t ozen obtained to justify ceuvlete analysis, but it can be stated thal
observed results generally zgree with predictions basec upon theory.

Observations of the travel tiuss of waves frouw an explesive source has
yisided s considerable amourt of Jata on the temrersture and wind structure of the
atwosrh re up to altitude of about 3¢ xa £160,000 feet). The interpretation of the
data has so far been besed on geometrical weve theory, and leads to a variation of
propazation velocity with altitude awbich is in reasonable azreement with other
lines of avidence. There zre, howecer, several cbserved racts which cannot be ex~
rleined on the basis of the eleuentary geomstrical ray theory, and require & more
complete analysis in teras of Je.e tieory. They are: --(1) tha "zones of silence',
thet follow .ccording to seometricel ray theory from the initial decrease of velocity
with altitude, which do not hav: sharply defined boundaries; {2) the same apfarent
angle of a.-rival is cofter observed over u considerable range of distance from the
source, whereas on the ray theory & ziven zn3ls of arrival was associated with one
particul: r-distance oniy; (3) at lerge distances, the totel duration of the signals recei:
is very uuch grester than can be exilained by ray theory, and the character of tue
signai received is thet of & lon- train of waves of veryinz amplitude anu frequency rethe:
a limited number of weil defined transient pulses. .

Freliminary studies indiczte thet all of these facts may be explained
qualatatively by more couplete weve theoretical analysis of the diffraction of wave
eneriy into the regions thet are zones of silence in the clement:ry ray theory, wnd furth.
work, aimed at quantativs treatment is in progress. Until an analysis of tiis kind has
been carried through, one czn not feel too much confidence in attempts thet have been
made to use lang distance sonic and microvaremetric wave propagation data to Jeuuuce
atmos' eric temperaturss at levels above the second inversion.

In addition to the theoretical ap roach to this problem, considerztion is
being ziven to the use of surface waves on sh: Llow water as a .uodel of wave pro-
pagation in the atmosph rz. The velocity of surface waves wihose wWave lenzth is greater
than the depth of the water is a function of the depth, so that the variation ot velocity
with cititude in the atmos-here can be simulated on a thin sheet of water by suitable
contourin’ of the bottom. Surface tension and visosity set at e lower liisit of =zbout
L cm. o the wave lengths that cen be used in such a model. %“ith & wzter table avout
four feet wide siwml: tinz the atmosphere up to 50 km. a four centimeter wave length
would rerresent a wave length in the atmosph re of about 1 mile, or & period of avout fiv
seconds.
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Complement: ry Contracts:

a. Columbia University
No. %28-099-ac-32

b. University of Californis &t Los inszeles
No. #%28-0;9y-ac~-228

C. Woods Hole Cceanoeraphic Institution
N6. 27-099=ac-227% _
AYl contrzets oni  fiConsuliation end Assistenece in Jesearch
on ntmospheric Acoustical wave Fropezction.!

2; Froieéi titls: Develorment of €onstint lLevel deiidons

Erdject séientist: Dr: Jaues A: Feoples, Jr:

Su.umary- of iﬁ—L’éBSfét‘,érﬁf 1Orks.

The Qevelammint Jf L £ T A Seest it L
. :The development of -¢ constant level bellooh wés at first motivated by
the needs .of bhe.acoustio \tfer sif soundin'y Frojram; As -t .has developed,
this balloon is now 2;princifal atuosyharic proain;gﬁoqr ingiﬁ§l§hn-?§ghtl

In order to develqp-this bglloonhseveral,qupial‘dqyiceq.hgye:bééqgihvenﬁedi

An Olland cycle pressure indiciter, accurate te betten than one miliabar,, . ... ..
~ has ‘béen develdped..: h'deviee has beéer:comstructed:widch :wikl deflate amd bping
dowfi b@lloqnﬁjinﬁfiigﬁt‘Qiﬂhﬁ?;ﬁyltiming’of by ‘rressure activated tuechanisms,
4 Rslanced flow control valve has-teen iuadd ﬁﬁidﬁ,giieswh.édngﬁgﬁt(fqufdff’
ballast. material proportional to pressure ichignge. . Othep adcesspries fnclude .
a telemetering ‘device to indicate the rate of ballast flow;~minimum bailast g
flow, minimum pressure switches, haregrephs, =znd balloon tracxing radio trarfise-\.:»
mitters which cen be nicked up by an aircreft radio compass at a range of 100
miles or more. A sensitive intergrating verticzl anemometer is now beiny develop-

ed which will aid in the interpretation of atmosrheric oscillations.

A thorough investigetion of belloon materials and fabrication methods has
been conducted, and balloons have been designed suitable for use with the
balisting mechanisms develored. Launching and oparationsl techniques have been
developed which permit the launching of balloons in winds up to 20 per hour.
Good control of ascent rate and ceiling altitude has been obtained. Constant level
flishts of several hours duration are now routinas and flizhts lasting up to 5
hours with pressure variztions not “reater then one or two milabars hav: been
obtained. Simplified control which orerate satisfactorily during the day or night
are not adguate when sunset ozcurs during & flisht. 4 systam for maint: ining
constant level thru sunset hrs cen devised znd tested in a btell jar, but in actual
flight tests have not yet teen inade, Teiiger:ture .uezsuresents Lzve been made
both inside and cutside orf balloons to show the arfects of super-heat.
Terpercture wezsureucnts heve alsr heen .1ade in instruaent and battery cases
durin; flisht. lfecsurements tc show the acviaal characteristics of control devices
Lave been .zae on bzlloons in flisght and si.ulated in the laboreztory, This



includes rate of ballast expenditure, diffusion, leaxage, end stability of con-
trol.

By-groduct information of importance to meteorolosy or balloon flying
techniques includes the followingz: Observation, measurenent and theoreticai
analysis of hizh altitude atwmosgheric oscillations has been accouplished.

These oscillations are several .ilibars in aarlitude (as indicated on ballioon
baragraph traces) and the period of oscillation v:ries between 4 ana 10 minutes.
Alr mass trajectories Lave been mei:ured over ranges up tc about 400 miles and
have beer: indicated by the recovery of zear up to 2,000 miles from the launching

point. Additionzl field tests on air wass trajectories are now being made.

Conrlementary ontracts:

a. New Yori University
No. #28=U9y~-ac~241
"Develcpment of Constant Level Bsllcon"

b. Melpzr, inc.
No. 2E-099-uc~L29
"Yevelotment of Ballioon Telemetering System!



